To clarify the hypothesis that parent's dietary intakes are associated with their offspring's body mass index. DESIGN: Observational analytical cross-sectional survey among inhabitants of district 13 in the east of Tehran. SUBJECTS: A total of 117 healthy families comprising 474 subjects including 240 offspring (3 -25 y old). MEASUREMENTS: Weight and height were measured by a standard protocol and body mass index (kg=m 2 ) was calculated. Dietary intakes were assessed by means of a 2 day dietary recall questionnaire. RESULTS: The prevalence of overweight was 11.8% in offspring of normal-weight parents, 19.0% in offspring of overweight fathers and normal-weight mothers, 25.4% in offspring of overweight mothers and normal-weight fathers and 40.8% in offspring with both parents overweight. The Offspring's overweight was significantly and independently associated with highenergy intake of both parents (odds ratio; 95% CI 2.7; 1.6 -4.5). Adjusted for the sex of parents, the chances of offspring being overweight were higher in overweight (3.8; 1.5 -9.2) and high-energy-intake mothers (2.6; 1.2 -5.6) and high-energy-intake fathers (2.0; 1.1 -3.9) as compared with children of normal-weight parents. High fat intake of husbands was an independent risk factor increasing the chances of their wives being overweight (2.1; 1.5 -3.6) and vice versa (1.8; 1.2 -2.8). CONCLUSION: The observed familial obesity pattern was shown to be associated with the familial dietary intakes. Hence, familial intervention seems essential to stop the accelerated rise in the prevalence of overweight and obesity in our community.
Introduction
The prevalence of child obesity is increasing rapidly worldwide. 1 It has been increasing in Iranian children and adolescents since 1990. 2 -5 Obesity is associated with several risk factors of heart disease and other chronic diseases including hyperlipidaemia, hyperinsulinaemia, hypertension and early atherosclerosis. 6 Since the prevalence of obesity is high and still growing, it is important to distinguish those at risk for becoming obese and the related etiologies. Ayatollahi has indicated that a direct relationship exists between obesity of parents and children, 7 but he has not elaborated on the reason. Overweight and obesity are leading nutrition-related disorders of clinical and public health concern 8 and dietary factors play determinant roles in health and chronic disease promotion. 9 Although heredity may explain the great percentage of cases of obesity, 10 environmental factors contributing to the increasing prevalence of obesity in the last decades must be sought since the gene pool has remained approximately stable over the same interval. 11 Among factors linked to obesity in childhood and adolescence is parental obesity. 7,12 -14 Parents provide both the genes and environment for their children and familial patterns of adiposity are the result of gene -environment interactions. 12, 15 Parental obesity has been identified as a predominant risk factor, with childhood fatness increasing linearly with an increasing level of parental fatness. 12 Children with two obese parents have higher risks of obesity than those with one or neither parent obese. 16 Some studies suggest differential aspects of maternal and paternal obesity, 17 but this is not a consistent finding. 7 Since the prevention of obesity in childhood and adolescence is essential, its aetiology must be clarified to conduct an effective prevention programme. Based on the hypothesis that parents' dietary intakes are associated with their offspring's body mass index, this study was designed to clarify the hypothesis in an urban population of Iran.
Methods

Design and subjects
The Tehran Lipid and Glucose Study (TLGS; rationale and design published elsewhere 18 ) aims to determine the risk factors of cardiovascular diseases in a population of urban families in metropolitan Tehran in order to design effective strategies for controlling the incidence of risk factors of cardiovascular diseases and their outcomes. Using a cluster random sampling, we selected 283 families, comprising 1135 subjects, for dietary assessment from the 2206 families who participated in the TLGS from February 1999 to August 2001. All families were inhabitants of district 13 in the east of Tehran. Only those participants giving informed written consent were enrolled. A family unit was defined as a husband and a wife with at least one child, all living in the same household. Those families in which each member reported no history of diabetes mellitus, myocardial infarction, stroke, gastric disorders, hypo-or hyperthyroidism, Cushing's syndrome, Addison's disease, renal diseases or hepatic disorders, or not having used certain drugs including anti-diabetics, lipid-lowering agents, beta blockers or steroids in the last 3 months were included. Based on the aforementioned criteria, finally, all 117 eligible families comprising 474 subjects (including 240 offspring), within the random sample, were enrolled for the study.
Measurements
Weight and height were measured by a standard protocol 5 and body mass index (BMI, kg=m 2 ) was calculated. Measures such as skin-fold thickness offer direct measurements of subcutaneous fat and are reasonably well correlated with percentage body fat in prepubertal children, but are difficult to reproduce by different observers and in fatter subjects. Although not unanimously agreed, BMI offers a reasonable measure of fatness in children and adolescents. 19 We used the term 'overweight' in parents and offspring aged 20 y and older when BMI was greater or equal to 25 kg=m 2 according to the World Health Organization Expert Committee classification. 1 In 3 -19-y-old children, BMI greater or equal to the 75th percentile of BMI-for-age reference curves for Iran was considered overweight. 20 Three age strata were defined, including 3 -9 y for childhood, 10 -17 y for adolescence and 18 -25 y for early adulthood. Dietary intakes were assessed by means of a 2 day dietary recall questionnaire. Subjects were interviewed personally face-to-face. The first interview was conducted at subjects' homes and the second during a clinic visit at the Division of Nutrition of the Tehran Lipid and Glucose Study Unit by expert nutritionists who had at least 5 y of experience in the Nationwide Household Food Consumption Survey project. 21 Mothers were questioned about the type and quantity of meals only when children were unable to recall their nutritional intakes. The questionnaire was validated 12 y ago in the Nationwide Household Food Consumption Survey project, which has been reported in Farsi. 22 We revalidated it in 10 families before this study was begun (unpublished data). Individual family members were questioned about the type and quantity of daily foods eaten on the day prior to being interviewed. Interviewers used photos of household proportions to find and confirm the exact food consumption of the subjects.
Standard reference tables were used to convert household proportions to grams. 23 The modified nutrient database of the United States Department of Agriculture (USDA) for Iranian foods was used (unpublished data) and nutrient intakes from quantity of food consumed were calculated using Nutritionist III software. The cut-off level for defining under-reporting depends on the physical activity level of the population. We collected data on activity and energy expenditure based on Lipid Research Clinic (LRC) questionnaire, 24 but, because it had not been validated for our society, the results were unreliable so under-reporters were identified by cut-off value of energy intake divided by basal metabolism rate estimated using Harris and Benedict's equation 25 of less than 1.15 for adults 26 and 1.06 27 for children and adolescents. These cut-off points have been used for subjects with sedentary to average physical activity levels in previous reports. The mean levels of energy, protein, carbohydrate and fat intakes and all results related to dietary factors have been reported after excluding under-reporters' data. Since there is no Iranian Recommended Dietary Intake reference, high intakes of energy, protein, carbohydrate and fat were defined as greater than or equal to 75th percentiles of energy, protein, carbohydrate and fat intakes of fathers, mothers and offspring considering their age stratum and sex, respectively. 28 In fact, the top quartile of the dietary intakes is taken as 'high'. The cut-off points defined using gram protein, carbohydrate and fat intake in grams are not related to energy intake, so really high consumers of each macronutrient can be demonstrated. These high intakes refer to the 75th percentile of the sample, not the entire Iranian population.
Statistical analysis
Descriptive data were expressed by mean values ( AE standard error of mean, s.e.m.). To test the significance level of coefficient correlations between parents' anthropometric values and dietary intakes and those of their children, we used a two-tailed Pearson test between normal distributed variables and the Spearman test for the others. The normality of distribution of variables was determined using the onesample Kolmogorov -Smirnov test. All P-values below 0.05 were considered significant. We also used a multiple logistic regression model for parents and their characteristics (BMI, dietary intakes and sex) as well as for BMIs of their children as the dependent variables. All variables considered as risk factors were entered into the model, using the stepwise method for adjustment. The association between children's BMI (overweight vs normal weight) and familial covariates were expressed as odds ratios with 95% confidence intervals (OR; 95% CI). In the second part of the analysis, we selected the families in which mothers were 45 y old or over to clarify the effect of dietary intakes between spouses where genetic factors play no part. The base age of 45 y was selected to ensure that at least 10 y had passed since the parents' marriage. This Familial obesity and nutrition P Mirmiran et al is an arbitrary cut-off point just to clarify that the spouses have lived together for several years, therefore observation of the effects of nutrition as an environmental factor is possible. Here again, multiple logistic regression analysis was used to express the association between spouse characteristics. The SPSS statistical package (SPSS Inc., version 10.5) was utilized for the analysis.
Results
Descriptive data
The mean age value ( AE s.e.m.) of fathers was 47.4 AE 0.5 y, of mothers 40.6 AE 0.5 y and of children 14.6 AE 0.4 y. There were 50 children (26 boys and 24 girls) in the 3 -9 y age stratum, 118 children (60 boys and 58 girls) in the 10 -17 y age stratum and 72 children (27 boys and 45 girls) in the 18 -25 y age stratum. Table 1 .
Correlations coefficient
Parents' BMIs were not correlated with those of children aged 3 -9 y. In 10 -17-y-old children, daughters' BMIs were positively correlated with those of their fathers and the BMIs of sons with those of their mothers. In the next age stratum Familial obesity and nutrition P Mirmiran et al (18 -25 y), the BMIs of sons were not correlated with those of any parents, but the BMIs of daughters were positively correlated with those of both parents (Table 2) . Parents' energy intakes were not correlated with those of their children aged 3 -9 y, whereas their dietary intakes were definitely correlated with those of their sons and daughters aged 10 y and over (Table 3) .
Odds ratios
Odds of offspring being overweight when their parents are overweight or have high-energy, carbohydrate, protein and fat intakes have been separately indicated in Table 4 . The chances of offspring being overweight were higher in families in which both parents either were overweight or had high-energy=fat intakes than the families with normalweight parents or with parents having normal energy=fat intakes. To clarify which characteristic in particular in the case of either parent is stronger than the other, we employed the multiple logistic regression analysis using the stepwise method. It showed that the chances of offspring being overweight were independently associated with both parents having high energy intakes (2.7; 1.6 -4.5). The categorical variable of BMI related to both parents was included in the model after energy intake (2.4; 1.2 -4.6). Adjusted for the sex of parents, the chances of offspring being overweight were higher in overweight (3.8; 1.5 -9.2) and high-energy-intake mothers (2.6; 1.2 -5.6) and high-energy-intake fathers (2.0; 1.1 -3.9) as compared with offspring of normal-weight parents with normal intakes. Macronutrients were excluded from the model by SPSS. Considering the age of offspring, we found that the chances of being overweight in 3 -9-y-old children were not correlated significantly with parents' characteristics (data are not shown); being overweight (4.3; 1.2 -15.0) and high energy intake (4.4; 1.5 -12.8) of mothers were independent risk factors increasing the chances of their 10 -17-y-old adolescents being overweight, whereas overweight (12.5; 1.5 -103) fathers was an independent risk factor increasing the chances of their 18 -25-y-old offspring being overweight. Familial obesity and nutrition P Mirmiran et al
Considering the sex of offspring concurrently with their age, we found that the high energy intakes of fathers (4.0; 1.1 -11.2) increased, in 10 -17-y-old daughters, the chances of their being overweight, and high energy intakes of mothers (7.3; 1.6 -32.0) increased the chances of their 10 -17-y-old sons being overweight, independently. Multiple logistic regression analysis between spouse characteristics showed that high fat intake of husbands is an independent risk factor increasing the chances of their wives being overweight (2.1; 1.5 -3.6) and also high fat intake of wives is an independent risk factor increasing the chances of their husbands being overweight (1.8; 1.2 -2.8) in families where husbands and wives have been married for at least 10 y.
Discussion
Fatness runs in families but the influence of the genotype on the etiology of obesity may be attenuated or exacerbated by non-genetic factors. Results of the present study confirm other reports 13, 14 that children of overweight parents are prone to being overweight. Familial patterns of adiposity imply a genetic contribution, but genetic factors operate in a particular environmental context to produce phenotypic outcomes, as described by Bouchard and Perusse, 29 who concluded that the genetic predisposition to weight gain is expressed when the individual is exposed to a specific environment. On the other hand, Guillaume et al, who reported familial trends of obesity through three generations, emphasized the influence of strong genetic traits on obesity in a Belgian population. 12 We found that the associations of parents' BMIs with those of their children vary in different ages and sexes of their children. This finding shed some doubt on the 'just genetic influencing obesity' hypothesis. In 3 -9-y-old children, dietary intakes were partially correlated with those of their parents. However, dietary intakes of offspring 10 y old and older are highly associated with their parents' energy intakes. During their early years, children learn a great deal about food and eating, including information on the environmental cues that should initiate and terminate meals. 30 Much of this information comes from within the family environment and from interactions between parents and children related to feeding. Mothers, as primary caretakers of young children, typically provide children with a preconceived structure for meals by offering certain foods and not others and by using child-feeding practices that provide information to the child about how much and what to eat. These maternal attempts are influenced partly by the mother's own beliefs and attitudes about dieting and weight control. 31 It is surprising that the BMIs of sons were correlated with those of mothers and the BMIs of daughters were correlated with those of their fathers in the 10 -17 y age stratum of children's lives. It was also observed that daughters 10 -17 y old of fathers with high energy intakes were at a higher risk of being overweight, and the same goes for 10 -17-y-old sons of mothers with high energy intakes. This is in disagreement with some studies, which have stated that daughters are like mothers and sons are like fathers in weight gain. 16 We found that BMIs of daughters in early adulthood were correlated with those of both parents, whereas those of sons were not. Since both sons' and daughters' dietary intakes were influenced by those of their parents, we expected to find some correlations between BMIs of early adult sons and those of their parents. This is in disagreement with what occurred in Belgium where boys were more vulnerable than girls to the impact of the cardiovascular risk factors being influenced by socioeconomic and psychosocial conditions of their parents. 32 This was not witnessed in the present study, perhaps because of the specific culture of Iranian families in which daughters are more influenced by the family than are sons. There may be some other environmental factors affecting sons' weights such as physical inactivity. Unfortunately, the collected data on physical activity in the present study were unreliable, so further work is needed on Iranians to look at inactivity in parents and offspring.
Using multiple logistic regression model analysis, we found that high energy intake of both parents is an independent risk factor for offspring being overweight. It shows that nutrition may be more of a determinant factor than genetics. Adjusted for the sex of parents, we found that fathers' and mothers' high energy intakes and mothers being overweight are independent risk factors associated with offspring being overweight. This means that the parents' energy intake may be more influential than genetic factors on the offspring's BMIs. We omitted the effect of genetic factors by using cross-trait analysis between spouses; it demonstrated that husbands of wives with high fat intake are more at risk of being overweight and vice versa. The present study is however a purely cross-sectional study and a longitudinal design is needed to find the causality. We ascertained that the prevalence of overweight is high in our community. A review of some studies from Iran reveals that the prevalence of overweight and obesity is growing. 3 -5,7 The increasing prevalence of obesity is not confined merely to Iran. High prevalence rates also occur in the other Middle East countries. There is some evidence that high-fat diets are associated with an increased risk of obesity within populations, but cross-cultural dietary studies have failed to show any consistent relationship between nutritional factors and relative weights. 33 Our results also confirmed that high-fat diets are associated with obesity in children as well as other macronutrients and energy intake. Although this may be the main cause of the high prevalence of overweight in our community we should consider the lack of physical activity as a major probable cause. It is surprising that no direct correlation has been reported between the prevalence of obesity and increased energy intake in developed nations, given the ready availability of highly palatable foods. The understanding of the role of energy intake in the aetiology of obesity is confounded by failure to report food intake accurately. In addition, the whole area of familial obesity patterns is much more complex. Under-reporting is Familial obesity and nutrition P Mirmiran et al widely recognized as a feature of studies in obesity, with comparisons of energy intake and expenditure in obese subjects showing a consistent shortfall in self-reported food intake of approximately 30% of the energy requirements. 34 We excluded under-reporters' data to limit confounding factors to make the food intake report more accurate. Since there are no clear or easy strategies that are effective in the clinical treatment of obesity in children and adults, the best management is prevention. In order to prevent obesity, it appears necessary to know who is at risk and what are the risk factors.
The present study showed that dietary intakes of parents are associated with their offspring's BMIs. This was seen particularly in their energy intakes. The same association was seen between spouses about their fat intakes and BMIs. The observed familial obesity pattern was shown to be associated with the familial dietary intakes. Hence, familial intervention seems essential to stop the accelerated rise in the prevalence of overweight and obesity in our community.
